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The retarding forces on a vehicle are character-
fzed by rolling resistance (k,) end aerodynamic drag
(Cgh). These forces determine power requirerents for a
specified vehicle performance (particulerly important
for an electric vehicle) and are necessary inputs for
any vehicle simulation. Both k. and CgA 2re determined
for a number of vehicles and the tecting and data anal-
ysis techniques are described.

Rol1-Down Equatiuns

Straight-line vehicle motion on a level surface
is described approximately by
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When the vehicle is coasting, F = O and
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For a level surface and no wind, this equation has the
solution
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and

Vo = initial coast-down velocity.

Equation (2) indicates that for coast down with
constant grade and w = 0, acceleration is e lineer
function of v2. Then if acceleration fs calculated
fEOm the coest-down data and plotted as e function of
vé, the lineer regression line can be used to calcu-
late ky and pCgA. The correlation coefficient provides
an indication of the quality of the data (provided a
reasonably large number of points are used).

If the wind is not necaligible, v versus vZ from
Eq. (2) departs frcm a straight line. Iceally, the
coast-down tests should be done with no wind; hcwever,
program schedules end deadlines rarely permit this
luxury when a nuwber of vehicles are to be tested.
Therefore, the effects of the wind were analyzed ap-
proximately so that corrected values of k. and Cg4A can
be obtained. In additicn, the wind cen be calculated
from the coast-down date end compared with the value
measured at the time of the run,

When & vehicle is being characterized with coast-
down runs, half of the runs should be dere in ore di-
rection, the other helf should be dane in the opposite
direction. This partially cancels the effects of wind
and grade. To 1llustrate, Fig. 1 shows V versus ve for
a nunber of east and west runs done with a W Rabbit.
The linear regression lines for edch direction are also
shown. The different slopes of the east and west re-
gression lines are caused by an east to west wind of
approximately 5 mph.

The approximate effects of the wind can be ob-

tatned from the east and west coast-down cquations,
wvhich are

. PCyA 2
“Ve = 21.95 (kr + sina) M W TN (vE + w) (4)
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Fig. 1. Acceleration as o function of v2 for 8 VW
Rabbit.

and

. pCdI\ 2
'VN = 21.95 (kr - $In (l) + T: 3640 (Vw - W)' . (5)

where an east to west wind is positive. If the wind
effects are small, Eqs. (4) and (5) can be approximated
by
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where the effects of the wind modify the B and ' .« f-
ficients., If the least squere error criterion d
to match Eqs. (6) ond (7) with Eqgs. (4) and (),
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The B's and M's are the intercepts and slopes of
the eost and west linear regression lines; the values
obtained for the VW Rabbit are given in Fig. 1. Then
Egs. (8) through (11) can be used to determine w, C4A,

and k., provided the vehicle weight and air density are
known
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The coast-down data are then analyzed in the fol-
lowing manner. First, a lincar regression analysis is
performed on all the east runs and all the west runs
(an cqual number in each direction should be used).
Next, Eqs. (12), (13), and (14) are used to verify the
wind velocity then calculate CyA and k.. If v versus
(v + w)2 or v2 14s plotted using the correct value of
wind, Eqs. (4) end (8) indicate that the east and west
regression lines should be parallel. This provides an
additional check on the data and the calculations. An
exemple of the process is given in the results section.

Jest Procedures

Roll-down tests were conducted on a number of vr-
hicles at the Albuquerque, New Mexico, drag strip. At
least four runs were made for each vehicle; one run in
ecach direction frem approximately 60 to 35 mph and from
approximately 40 to 0 mph., The system used for the
tosts had & fifth wheel feeding 100 pulses/ft into a
microcompuler system.l Time is measurcd to the ncarest
0.01 s, velocily to the nearest 6.1 mph, and distance
to the ncaresi foot. Velocity and distonce were saved
in read/write memory at 1-s intervals, thun stored on
magnetic tane at the end of each run. The tepes are
used as input to plot routines and for data reduction
programs that calculaie CyA and k.

Extreme core was taken in conducting the coast-
down tests so that valid data would be obtained., Ve-
hicles were thoroughly warmed up, weighed, tire pres-
sures checked, windows vrolled up, end wind velocity,
air temperature, and air pressure wore measured,  The
drag strip was surveyed and the quarter mile sectlion
was found to be level (average yrade 0.006%, maximum
grade 0.07X). The maxinum grade was 0.26% at the end
of the decelerstion track. This would change the ac-
celeration by 0.064 mph/s and, for a 3000-1b car, would
change tihe force by 8.7 b, This portion of the track
wes not used for coast-down tests. Equation (10) or
(11) shows that & constant wind velocity changes Cg4A
by a factor
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“for a one-way run. For & 5-mph wind and an initial
velocity of 60 mph, the factor is 1.156. When the

two-way average is taken, this error is substantially
eliminated.

It was found that vibration and bounce of the
fiftn wheel seriously affected thc  ~ist-down tests.
A substantial ffort was made - » wheel vibra-
tion end bounre. A smooth test . also an im-
portant factor in minimizing vibrat bounce.

Most of the data analysis and » ion was c¢one
on 2 HP-9820A desk calculator with a 9. . ink plotter.
Both calculator and plotter were taken to the test
track so that plots could be cotained and data analyzed
on the spot. 1This provided valuable feedbazk for eval-
uating the quality of data obtained and the effects of
factors such as wheel bounce, wind, and varjations in
track grade. .

Results

As an exemple, CyA eand k. will be calculated
for 2 VW Rabbit from data obtained from the Albuquerque
roll-down tests. Five runs were done in each direction
and deta were saved at 1-s intervals. Figure 2 shows
8 v versus t plot, corresponding to Eq. (3), for one
of the runs. The ¢ versus v2 plot for a1l 10 runs
and the lincar regression line fcr each direction are
shown 1in Fig. 1. In addition, the values of Mg, My,
Bgs and By are given in the equation for ¢y and .

The altitude of the Albuquerque drag strip 1is
6000 ft, the pressure was 24.9 in. of mercury, and the
:mbicnt temperature was 250C, The density of dry air

s

p* OO(TO/T)(P/PO) »

where o, 45 a known density ot absolute temperature
Ty ond pressure Pg. Since

Po * 0.0766 b/ft3 at 150C, 1 atm (29.92 in. of
nercury)

Fig. 2. Coast-down plot for a VW Rabbit.
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Fig. 3. Acceleration versus v2 corrected for wind.

the corrected air density is

b = 0.0766 x S8 x 200, = 0.0616 1/rtd

The test weight of the Rabbit was £500 1b and the ini-
tial coast-down velocity was 62.3 mph. Then, using the
values in Fig. 1, the calculated wind is

2.213 - 1,

. .8 2.213 - 1,597
Wy X 62.3 x5 030

597

o on

= 5,37 mph (east to west).
The acrudynamic drag and rolling friction are

CdA * 10.5

k= 0:0528 - 0.0110
r 2 x 21.5%

« 0.0146.

It was pointed out above that when v versus v2
is plotted using the correct value of wind, the east
and west regression lines should be parallel. Figure
3 shows a plot of ¥ versus vZ and the two regression
lines for a 5.4 mph east to west wind.

Acceleration was calculated every second and ve-
locity was mcasurcd to the nearcst 0.1 mwph., This al-
lows @& same oirection run-to-run variation of 0.2
Tph/:.a This accounts for much of the scatter {ia Figs.

and 3.

The same technique 1s used to calculate rolling
friction end aerodynamic drag for the other vehicles
tested.  The results are tabulated n Toble 1. These
resulls have been used ir & technical ond econcmic
evalustion of fucl-cell powered vehicles. They have



~ TABLE 1

Vehicle

Honda Accord

VW Rabbit

Ford Granada
Ford Pinto
ElectraVan

Ford Pickup Truck
Air Force Truck (1-1/2-ton Dodge)
Air Force Bus
Toyota

GMC plus Camper
Ford Van

ky

0.0166
0.0146
0.0164
0.0166
0.0183
0.0197
c.0142
0.0117
0.0129
0.0170
0.0155

C4h

10.4
10.5
12.8
13.6
14.4
26.7
38.7
39.2
11.6
56.7
24.5

also been used as input fo a computer progrem capable-
of detailed simulation ¢f a battery-powered or fuel-
cell/battery-poviered electric vehicle.
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